In continuous review models with a fixed delivery lag T, the state of the system is conveniently described by the net inventory position = (inventory on hand) plus (outstanding orders), in spite of most cost components depending on the actual inventory on hand. To relate these two inventory concepts one observes that the distribution of the inventory on hand at time t + T is determined by 
IN CONTINUOUS review single-item inventory models
Beckmann [1961] , Finch [1961] , Rubalskiy [1972a Rubalskiy [ , 1972b , Sivazlian [1974] , Sahin [1979] , Tijms [1972] have all studied models of this type. Other contributors to the literature consider mainly the special case where demands are described by a compound Poisson process, i.e., where all Xn_ n > 1, are i.i.d. exponentials, and where Xn and Yn for n > 1 are independent.
When excess demands are backlogged, and delivery of an order takes a fixed time T, the inventory control problem can be represented by a semi-Markov decision model with a one-dimensional state space. This formulation chooses the demand points as decision epochs and the state of the system is given by the net inventory position = (inventory on hand) + (outstanding orders) -(backlog), in spite of the fact that holding and Subject classification: 118 semi-Markov processes, 362 stochastic inventory models.
shortage costs depend on the actual inventory on hand. To relate these two inventory concepts, one observes that the inventory on hand at time t + T is distributed as the inventory position at time t minus the total demand during [t, t + T). The inventory position just after decision epoch Sn thus unambiguously determines the distribution of the inventory on hand at time Sn + T. This explains the standard convention of charging expected holding and shortage costs incurred in [Sn + T, Snr+1 + T) to the decision made at epoch Sn (with appropriate discounting if the objective is to minimize the expected present value of current and future costs). The holding and shortage costs in [0, T) are omitted since no decision can take effect before time T. This note derives simple expressions for the expected (discounted) holding and shortage costs in [Sn + T, Sn+1 + T) for n ? 1 as a function of the inventory position just after decision epoch Sn. These are needed to compute optimal inventory control policies as well as to characterize the structure of an optimal control rule. For example, under appropriate assumptions (such as convexity of the holding and shortage cost function) these formulae show that an (s, S) policy is optimal.
Our development considerably simplifies existing expressions such as those in Beckmann [1961] -for general demand processes. We achieve further simplification for the case of compound Poisson processes, thereby providing a substantially shorter and more direct derivation of the results in Archibald [1976] (see also Archibald and Silver [1978] ). Our results are related to Sahin's who derived the steady state distribution of the inventory position and on-hand inventory, assuming inventories are controlled via an (s, S) policy. Whereas the steady state distribution enables the evaluation of average costs per unit time for arbitrary cost rate functions (see Section 1), it is insufficient to handle fixed penalties, e.g. for running out of stock (Section 2). Also, the formulas in Sahin are hard to evaluate, inappropriate when computing total discounted costs, and reflect the costs only under an assumed (s, S) replenishment policy.
Section 1 derives the expected (discounted) value of an arbitrary cost rate function in [Sn + T, Sn+1 + T) and discusses some special cases. Section 2 discusses the treatment of fixed penalty costs incurred for any requested unit or demand order that cannot (in part or in total) be delivered from current inventory. Finally Section 3 shows how similar cost expressions arise in multi-item models with compound Poisson demand processes.
EXPECTED (DISCOUNTED) HOLDING AND SHORTAGE COSTS IN
[Sn + T, Sn+1 + T) Assume the system incurs a holding (shortage) cost rate h(y) per unit of time during which the inventory on hand equals y units. Let 
Note that in the relevant interval [T, T + X1), Y(t) for t E [T, T + X1)
represents the inventory on hand.
With the above notation, we can express c(yo, j3) as 
Now: Eyo[h(Y(t + T))I(t)] = Eyo[h(Y(t + T) jX1 > t](I -G(t)) -E(Y0,t)[h(Y(T))]((1 -G(t)).
Hence, The numbers r(i), i > 1, enable us to evaluate
YO'O)[h(Y(T))]-O= Zo h(yo-

FIXED (DISCOUNTED) PENALTY COSTS
Assume that (in additioin to the previously considered cost components), the system incurs a fixed penalty A > 0 for any demand that cannot be satisfied (in part or in total) from current inventory and a penalty cost r > 0 for any requested unit that has to be backlogged. After rearranging terms, we see that this expression leads to (6).
Once again we note from (6) that the total (discounted) expected penalty costs in [T, T + X1) equal the expected costs in an interval starting at time T and terminating at the first arrival after T. 
